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Abstract 
Eucheuma cotonii and E. spinosum cultivated in Arakan waters, North Sulawesi, Indonesia, were tested the 
antioxidant activity of fresh and dry samples through maceration in 60%, 70%, and 80% methanol solvent.  The 
tested antioxidants were total phenol, DPPH, FRAP, and total carotene, respectively.  
Fresh E. spinosum dissolved in 60% methanol had the highest total phenol, 5.87±0.15 mg GAE/g, the 
highest DPPH, 75.27 ± 0.29 %, the highest FRAP, 44.52 ± 1.27 mg/l, respectively. The highest total carotene, 
9.40±0.35 µg/g, was recorded in fresh E. cotonii, followed by fresh E. spinosum, 8.73±0.23 µg/g, which were 
also dissolved in 60% methanol. Therefore, the best antioxidant activity was found in fresh E. spinosum 
macerated in 60% methanol. 
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1. Introduction 
Algae are fisheries products utilized as food materials, medicines, and cosmetics due to their bioactive 
compound richness, for instance, vitamins, minerals, food fibres, and antioxidants, such as polyphenol, carotene, 
and flavonoid (Ganesan, et al., 2008; Chew, et al., 2008; Shahidi, 2009). Important minerals contained in algae 
are useful for body metabolisms, such as iodium, calcium, and selenium. The important vitamins for human diets 
are vitamin A, B, folic acid (B9), C, and E (Andarwulan, et al, 2010; Matanjun, et al., 2009; Anonymous, 2010). 
Algae are very slowly damaged since their cells possess antioxidative mechanisms and antioxidant compounds 
(Shanab, 2007).  
Eucheuma cotonii and E. spinosum belong to red algae that have been cultured and utilized as food materials, 
such as source of carrageen and antioxidant (Hotchkiss, 2007; Gerung, 2002). Ismael and Tan (2002), showed 
that the processed commercial algae exhibited different antioxidant acitivity level. It likely resulted from 
chlorophyll, carotene, and phenol content (Shanab, 2007).  
Marine algae of Rhodophyceae (red alga) contain phycoerythrine pigment, carotenoid, chlorophyll, organic 
and inorganic compounds. Previous study showed that carotene in algae was an antioxidant to protect various 
diseases and stresses (Jimenez-Escrig, et al., 2001).    
Antioxidants are compounds capable of passing one electron to the free redicals to be neutral  (Winarsi, 
2007). These are also crucial to take care of the body health since functioning as an inhibitor against free radicals 
formed in human body. Food materials which become natural antioxidant sources are spices, leaf, cacao, bean, 
fruit, vegetables, and algae (Hernani, 2006). Several antioxidant compounds were found in macroalgae 
belonging to phenolic group, terpenoid, taondiol, polyphenolic group, catekin, flavonoid, sulphated 
polysaccharides group, fucoidan, alginic acid, sulphated galactan, porphyran,  carotenoid group, fucoxanthin, B-
carotene, antheraxanthin, lutein xanthiphylls zeaxanthin in red algae (Cornish and Garbary, 2010).   
Studies on antioxidant activity and total phenol have been enormously done. It was reported that green and 
brown algae families collected from Pulau Seribu and red algae from Central Java contained antioxidant 
activities (Suryaningrum, et al, 2006; Santoso, 2010). Padina antilatirum (brown alga) has  antioxidant and total 
phenol content higher than those of Eucheuma cotonii and Caulerpa rasemosa taken from Malaysia waters 
(Chew, et al., 2008).   
The antioxidant activity test could be carried out using a variety of extraction methods, and a general 
technique used is maceration (Suryaningrum, et al, 2006; Devi, et al., 2008;  Kumar, et al., 2008; Anonymous, 
2011).  
In this study, the methanol solvent was selected as a common solvent utilized in polar, semi-polar, and non-
polar compound extraction. Eucheuma cotonii and E. spinosum cultured in North Sulawesi waters have not been 
studied and published their antioxidant content yet. Hence, the antioxidant activity characteristics of E. cotonii 
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dan E. spinosum cultured in Arakan waters, North Sulawesi, is necessary to study to obtain the best methanol 
solvent concentration. 
 
2. Material and Method 
2.1 Materials and Equipment 
Major raw materials of the study were algae E. cotonii and E. spinosum.  These materials were collected 
from the algae farmer in Arakan, South Minahasa Regency, the Province of North Sulawesi, Indonesia. The 
algae were tested in both fresh and dry forms. 
The equipment used in this study were bottle for maceration, digital balance (denver M-310), freeze dryer, 
cabinet dryer, UV spectrophotometer, autoclave, centrifuge, glass materials,  GC-MS (Gas Chromatography-
Mass Spectrometry) or LC-MS (Liquid Chromatography-Mass Spectrometry). 
2.2 Test Material Preparation 
In this study, the extraction of algal antioxidant compounds, E. cotonii and E. Spinosum, was carried out in 
fresh and dry forms through maceration in 3 different methanol concentrations, 60%, 70%, and 80%, 
respectively.   
The fresh samples were initiated with cleaning and rinsing with seawater to remove various attached 
materials. Furthermore, these were washed with running freshwater, water removed and put into the plastic bag 
of each 50 g. The fresh samples were kept in frozen form at -20
o
C for further analysis. In extraction phase, 500 g 
of fresh sample was weighed and then macerated at room temperature for 3x24 hours using 60%, 70%, and 80% 
methanol solvents as much as 500 ml per day. The macerat produced was then filtered in filter paper, evaporated 
in a vacuum rotary evaporator at 40
o
C until obtaining the liquid extracts. These were then dried in the oven at 
40
o
C. Coarse extracts obtained were then used in the analyses of the antioxidant activity, total phenol, DPPH, 
FRAP, and total carotene. Before that, the water content of the fresh sample was measured.  
For dry samples, E. cotonii and E. spinosum  were cleaned and washed with seawater to remove all attached 
materials, then washed with freshwater and air-dried on the table for 4 days, then further dried in the cabinet 
dryer for 24 hours at 40-50 
o
C until 10 times the fresh sample weight loss achieved. These dry samples were 
milled in a waring blender for 3 minutes. The extraction was then carried out through maceration of 50 g dry 
sample in 3x50ml of 60%, 70% and 80% methanol, respectively, at room temperature for 3x24 hours.  The 
macerat produced was filtered in filter paper, evaporated in a vacuum rotary evaporator at 40
o
C until a liquid 
extract obtained and then dried in the oven at 40
o
C.  Dry macerat was stored for total phenol, DPPH, FRAP, and 
total carotene analysis. 
2.3 Total phenol Analysis 
Total phenol content was measured with a spectrophotometer using the Folin-Ciocalteau reagent (Ganesan, 
et al, 2008) with some modification. As much as 0.1 g of extract was weighed and dissolved in 10 ml of 
methanol p.a in the flask. The extract solution was pippetted 0.1 ml and added 1 ml of 1: 2 ratio-Folin 
Ciocalteau-aquadest then left for 5 minutes. It was then added 1 ml of 7% sodium carbonate, homogenized and 
incubated at room temperature for 30 minutes in the dark. The total phenol content was measured with a UV – 
Vis spectrophotometer at λ 750 nm.  Total phenol content was interpreted as mg equivalent to galic acid/g 
extract (= mgGAE/g extract). 
2.4 Antioxidant Activity Test with DPPH Method 
The antioxidant activity was tested with the DPPH method following Chew et al (2008) with some 
modification. Based on the antioxidant ability in the sample to reduce the free radicals, the DPPH was used. As 
much as 2 ml of  DPPH 93 µM solution (3.6 mg in 100 ml metanol) was added into 0.5 ml extract (50,000 mg/l 
diluted with methanol). The mixture was shaken and incubated at 37
O
C for 30 minutes, and the absorbance was 
measured in a UV-VIS spectrophotometer at λ 517 nm. Similar technique was used for comparison with BHT. 
The capture activity of the free radicals was set as percent inhibition countable following the equation below: 
% inhibition = (Control Abs - Sample Abs)/(Control Abs) x 100 
2.5 Antioxidant test using Ferric Reducing Antioxidant Power (FRAP) 
The antioxidant activity test with Ferric Reducing Antioxidant Power (FRAP) method was conducted 
following the procedure of Chew  et al., (2008) with some modification. The potential reduction of methanol 
extract was done as the following procedures :  1 ml of 50,000 mg/l extract was mixed with 1 ml of phosphate 
buffer (0.2 M, pH 6.6) and 1 ml of 1 % potasium ferricyanide [K3Fe(CN)6] and divortex. The mixture was 
homogenized and incubated at 50
0
C for 20 minutes (mixture A). It was then added 1 ml of trichloroasetic acid 
(10%) and centrifuged for 10 minutes at 3,000 rpm (mixture B). The upper layer of mixture B was taken 1 ml 
and mixed with 1 ml of destilled water, added 0.5 ml of 0.1% FeCl3. The absorbance was measured at  λ 700 nm.  
The FRAP value was interpreted as mg equivalent to galic acid/g extract. 
2.6 Total Carotene Measurement 
Total carotene was measured according to Cagampang and Rodriguez, (1980) and Dere, et al, (1989); with 
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some modification.  As much as 0.1 g of algal extract was weighed and dissolved in 5 ml of 1:1 ratio-80% 
acetone- Petrolium Eter, homogenized in a homogenizer at 1000 rpm for 5 minutes. The supernatant was taken 
and measured the absorbance at λ 470 nm. 
2.7 Statistical Analysis 
Experiments were run with 3 treatments of different methanol concentrations, 60 %, 70%, and 80% using a 
Complete Randomized Design with 3 replications of each algal species and sample condition.  If there was 
difference in treatment effect, the least significant difference test was done to know the inter-treatment difference. 
Data analysis used the version 20-SPSS software. 
 
3.  Results and Discussion 
3.1 Total phenol 
 The total phenol content of the four sample conditions was given in Table 01. 
Table 01. Total phenol content of Eucheuma sp 
Methanol 
Concentration 
(%) 
 
Total phenol (mg GAE/g extract) 
Fresh E. cotonii Dry E. cotonii Fresh 
E. spinosum 
Dry 
E. spinosum 
60 3.96 ±  0.06   (b) 1.84 ±  0.07  (a) 5.87 ± 0.15 (b) 4.90 ± 0.07 (c) 
70 2.96 ±  0.23   (a) 1.76 ±  0.15  (a) 4.98 ± 0.02 (a) 4.75 ± 0.04 (b) 
80 3.70 ±  0.12   (b) 1.83 ±  0.13  (a) 5.76 ± 0.11 (b) 4.49 ± 0.02 (a) 
Notes: The same alphabethical code in the same column indicates no significant difference of the  
treatment (p > 0.05), and the different alphabethical code in the same column indicates significant 
difference of the treatment (p < 0.05) 
 
Table 01 shows no difference in total phenol content (p > 0.05) for dry E. cotonii in the three different 
methanol concentrations. However, other sample condition exhibits different total phenol content (p < 0.05), in 
which the fresh E. spinosum possesses the highest total phenol as shown in Fig. 01. 
 
Figure 01.  Total phenol content 
Figure 01 demonstrates that fresh E. spinosum results in the highest total phenol content in all solvent 
concentrations with the highest recorded in 60 % methanol, 5.87 ± 0.15 mg GAE/g extract.  
Harboune (1987) pinpointed that small molecules, including the antioxidant compounds, are relatively 
easily dissolved in the water than other macromolecules. The phenolic compounds are usually found in plants 
and averagely reported having biological activities, including the antioxidant characteristics.  
Reisce et al, (2002) found that compounds belonging to natural antioxidants are tokoferol, ascorbic acid, 
carotenoid, sterol, phenolic acid, and flavonoid. Phenolic and plavonoid acid are the antioxidant compounds 
containing phenolic structures and occur in plant in a great number. 
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3.2 DPPH 
 The DPPH data of 4 algal sample conditions are given in Table 02. 
Table  02. DPPH content in Eucheuma sp 
Methanol Concentration (%) DPPH (%) 
Fresh E. cotonii Dry 
E. cotonii 
Fresh 
E. spinosum 
Dry 
E. spinosum 
60 64.73 ±  1.61   (b) 68.99 ±  1.68  (c) 75.27 ± 0.29 (b) 64.27 ± 1.44 (b) 
70 62.72 ±  2.41   (b) 56.59 ±  1.14  (b) 65.19 ± 1.09 (a) 59.32 ± 1.20 (a) 
80 58.37 ±  0.76   (a) 52.85 ±  0.53  (a) 66.77 ± 1.08 (a) 58.53 ± 0.61 (a) 
Notes: The same alphabethical code in the same column indicates no different effect of the treatment (p > 0.05), 
while the different alphabethical code in the same column indicates different effect of the treatment (p < 
0.05). 
 
Table 02 shows that there is different DPPH content in all sample conditions (p < 0.05) in the three 
methanol concentrations. The fresh E. spinosum has the highest DPPH content as given in Figure 02. 
 
 
Figure 02. DPPH content 
It is apparent in Figure 02 that the fresh E. spinosum result in the highest DPPH content in the three 
methanol concentrations, and the highest is recorded in 60 % methanol, 75.27 ± 0.29.  
A 1,1-diphenyl-2-picryhydrazil (DPPH) compound is stable and actified radical by delocating the free 
electron on a molecule containing free radicals, so that the molecule becomes inreactive. The free radicals are 
highly reactive and unstable molecules since these have one or more unpaired electrons. Capture mechanism of 
DPPH radicals by the antioxidant occurs through proton donation to the radical. Therefore, the compound that 
enables to donate its proton contains strong radical capturing activity (Kumar et al., 2008; Ganesan et al., 2008). 
The compounds belong to phenolic, flavonoid, tanin, and alkaloid groups, and the compounds with many sulfide 
groups. Proton donation causes the violet colored-DPPH radical turn to colorless non-radical compounds. Thus, 
the radical capture activity could be counted from DPPH radical scavenging. The remaining DPPH radical 
content was spectrophotometrically measured at λ 517 nm (Kumar et al., 2008; Chew et al., 2008). The 
inhibitory ability against the free radicals is affected by the extent of extract concentration. The DPPH activity 
generally rises with extract increment up to certain concentration. Then it will decrease with more concentration 
addition. The DPPH test was extensively used in natural product studies for antioxidant isolation and extract and 
pure compound ability to absorb the radicals. 
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3.3 FRAP (mg/l) 
 FRAP content  data in 4 different sample conditions are shown in Table 03. 
Table  03. FRAP content in Eucheuma sp 
Methanol Concentration (%) 
 
FRAP    (%) 
Fresh 
E. cotonii 
Dry 
E.  cotonii 
Fresh 
E. spinosum 
Dry 
E. spinosum 
60 33.43 ±  1.57   (a) 28.17 ±  0.52  (c) 44.52 ± 1.27 (c) 31.05 ± 0.57 (a) 
70 35.34 ±  1.18   (a) 25.65 ±  0.54  (b) 31.33 ± 1.21 (a) 30.09 ± 0.79 (a) 
80 33.82 ±  1.00   (a) 22.88 ±  1.33  (a) 35.45 ± 0.55 (b) 30.15 ± 0.96 (a) 
Notes: The same alphabethical code in the same column indicates no different effect of the treatment (p > 0.05), 
while the different alphabethicalcode in the same column indicates different effect of the treatment (p < 
0.05). 
Table 03 shows no difference in FRAP content (p > 0.05) for both fresh E. cotonii and dry E. spinosum. In 
other sample conditions, there is difference in FRAP content (p < 0.05), in which the fresh E. spinosum has the 
highest FRAP content (Fig. 03). 
 
Figure 03. FRAP content (mg/l) 
Fig. 03 demonstrates that the fresh E. spinosum results in relatively high FRAP content for the three 
methanol concentrations, and the highest is recorded in 60 % methanol, 44.52 ± 1.27 mg/l. 
The determination of total antioxidant content with FRAP method is based on the compound ability to 
reduce the Fe
3+ 
ion to be Fe
2+
 ion using  2,4,6-Tris (1-pyridyl)-5-Triazine (TPTZ). The antioxidant ability of a 
compound is analogized to the ability to reduce the compound in a reaction of redox-linked colourimetric 
(Halvorsen et al., 2002; Chew et al., 2008). 
 
3.4 Total Carotene 
 Total carotene data in four sample conditions are given in Table 04. 
Table 04.   Total carotene in Eucheuma sp 
Methanol 
Concentration 
(%) 
 
Total  Carotene   (µg/g) 
Fresh E. cotonii Dry E. cotonii Fresh 
E. spinosum 
Dry 
E. spinosum 
60 9.40 ± 0.35    (b) 7.47 ±  0.12  (a) 8.73 ± 0.23  (b) 6.73 ± 0.12  (a) 
70 7.60 ±  0.69   (a) 8.13 ±  0.42  (b) 7.80 ± 0.20  (a) 6.80 ± 0.20  (a) 
80 7.60 ±  0.20   (a) 7.93 ±  0.12  (a) 7.73 ± 0.12  (a) 6.87 ± 0.23  (a) 
Notes: The same alphabethical code in the same column indicates no different effect of the treatment (p > 0.05), 
while the different alphabethicalcode in the same column indicates different effect of the treatment (p < 
0.05). 
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Table 04 indicates no difference in total carotene content (p > 0.05) for dry E. spinosum in the three 
methanol concentrations.  In other sample conditions, there are differences in total carotene content (p < 0.05), in 
which the fresh E. cotonii contains the highest total carotene (Fig. 04). 
 
Figure 04. Total carotene content 
 
Fig. 04 exhibits that the fresh E. cotonii results in the highest total carotene content (9.40 ± 0.35 µg/g) in 60% 
methanol, followed by the fresh E. spinosum (8.73 ± 0.23 µg/g).   
Carotene in algae is an antioxidant that could work to protect various diseases and stresses (Cornish and 
Garbary, 2010). The measurement of total carotene content reflects that the fresh E.spinosum extracted in 60% 
methanol gives the highest antioxidant activity. 
 
Conclusion 
Eucheuma cotonii and Eucheuma spinosum cultured in Arakan waters, North Sulawesi, contain antioxidant 
compounds. The best antioxidant activity was recorded in fresh E. spinosum macerated in 60% methanol. This 
result is as initial information for antioxidant compound characteristic isolation and identification study. 
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